Most existing Mass Spectra (MS) analysis programs are automatic and provide limited opportunity for editing during the interpretation. Furthermore, they rely entirely on publicly available databases for interpretation. VEMS (Virtual Expert Mass Spectrometrist) is a program for interactive analysis of peptide MS/MS spectra imported in text file format. Peaks are annotated, the monoisotopic peaks retained, and the b-and y-ion series identified in an interactive manner. The called peptide sequence is searched against a local protein database for sequence identity and peptide mass. The report compares the calculated and the experimental mass spectrum of the called peptide. The program package includes four accessory programs. VEMStrans creates protein databases in FASTA format from EST or cDNA sequence files. VEMSdata creates a virtual peptide database from FASTA files. VEMSdist displays the distribution of masses up to 5000 Da. VEMSmaldi searches singly charged peptide masses against the local database. Availability: http://www.bio.auc.dk/∼rm/sub/VEMS.htm Contact: rm@bio.auc.dk
The study of the expressed proteins plays a central role in describing the physiological state of a cell or organism. In this context the development of better methods for highthroughput sample preparation and Mass Spectra (MS) data collection has obtained great attention. However, MS data interpretation, MS/MS data in particular, has proven to be a major bottleneck as it is time consuming and often erroneous. Generally, the programs provided by the MS instrument producers are not sufficiently flexible for interaction by an experienced mass spectrometrist, or informative for a newcomer. The program package VEMS (Virtual Expert Mass Spectrometrist) was developed for interactive analyses of MS/MS data and was written in Delphi. In addition, VEMSmaldi searches the masses of singly charged peptides against a local database.
Amino acid sequencing of peptides by MS was developed for protein identification and complete covalent structure determination (Biemann and Scoble, 1987 ; * To whom correspondence should be addressed. Wilm and Mann, 1996) . The CID (collision-induced dissociation) mass spectrum of a double charged tryptic peptide has proven particularly useful, as the main ions generated are the b-and y-ion (nomenclature according to Roepstorff and Fohlman, 1984) . The amino acid sequence can be extracted from both series. The b-and y-ion series are complementary in that cleavage of any of the protonated amide bonds generates both a b-ion and a y-ion so the sequence of the peptide can be derived from both the N-and C-terminal ends.
VEMS imports any mass spectrum saved in text file format from the MS instrument or other programs. All steps in the program can be performed automatically or interactively. First, the peaks are annotated and the isotopic peaks and the noise are removed, leaving the monoisotopic peaks. Second, mass differences within 55-188 Da (adjustable) are calculated between any annotated peaks and fitted to amino acid residue masses in a mass list. The mass list can be edited and extended by any natural or chemical amino acid modification. The adjacent mass differences are connected into possible amino acid sequences, and the result displayed on top of the corresponding mass spectrum. VEMS sorts the sequences according to size and also reports a list of the non-redundant longest sequences, which will include the smaller ones. These non-redundant sequences can be used directly for searching against a database of peptide sequences obtained by virtual digestion of proteins using the program VEMSdata.
These non-redundant sequences can also be extended automatically or manually by adding arginine or lysine, or any additional residue before these basic residues at the ends of the b-or y-ion series. An experimental MS/MS analysis might identify modified residues that are not annotated in the database used for protein identification. In such cases VEMS modifies the start mass, end mass and the parent ion mass of the submitted sequence before searching the databases.
In VEMS, the user can choose between two search algorithms for matching the derived sequence and protein database sequences. The default algorithm uses the parent ion mass and the derived sequence as search criterion, whereas the other uses only the amino acid sequence.
Interpreting peptide mass spectra by VEMS
The search engine also allows searching with an unlimited number of alternative sequence solutions.
Instead of an automated interpretation of the MS/MS spectrum, VEMS was designed for a step-by-step interactive interpretation of the spectrum. It is possible to update the annotated peak list at any moment during the interpretation process. The user is completely free to define the amino acid sequence when analyzing the mass spectrum. The called amino acid sequence or sequence tag can be used to screen the local peptide databases in the same manner as in the automatic mode.
The interactive interpretation in VEMS is supported by a number of tools: Display of mass difference and the corresponding amino acid residue; fitting a mass difference to a combination of amino acids in case that bor y-ions are missing in the series; calculation and display of the complementary ion series and its corresponding mass peaks; comparison of the mass spectrum of the derived amino acid sequence to the annotated peak list and to the complete mass spectrum.
The reversing function calculates the ions of the complementary series, b from y, or y from b, using the derived sequence, the parent ion mass (m p ), the mass of the start peak (m s ) and the end peak (m e ) of the input sequence. Then m s and m e for the reversed sequence are equal to m p − m e and m p − m s , respectively. The theoretical masses within the series are calculated by adding the residue masses of the reversed sequence to m s . The program reports whether or not these calculated masses are present in the annotation list or the original mass spectrum. Hence, the reversing function can verify the called sequence.
The reporting function calculates the masses of the a-, b-, c-, x-, y-, and z-ions (Roepstorff and Fohlman, 1984) from an input sequence. The masses from the calculated b-and y-ions are compared to the annotated masses and to the original mass spectrum.
ACCESSORY PROGRAMS
VEMStrans generates a protein sequence database in FASTA format from cDNA or EST sequences translated in all six reading frames ignoring stop codons or a subset of the translated sequences. Hence stop codons can be retained and only the longest open reading frames selected. In this way frame shift errors can be avoided. The VEMStrans option is important considering the huge amount of EST and gene sequences now available.
VEMSdata creates a database file of peptide sequences and the corresponding monoisotopic mass of the doubly charged peptide from any protein FASTA file. The amino acid mass list used for the mass calculations can be modified. Peptides can be generated by any user defined cleavage method, which recognizes a motif of maximally ten residues.
VEMSdist makes a distribution of the calculated peptide masses of a database made by VEMSdata. The distribution covers masses to 5000 Da at 0.01 Da mass resolution. The distribution is shown in a graphical display with zoom function. The distribution might be used for making scoring functions or for identifying unique peptides (Eriksson and Fenyö, 2002) . VEMSdist can import MS/MS data and isolate all peptides in the database, which have the same mass as the parent ion within a specified mass accuracy. The MS/MS mass spectrum of each peptide, selected from the database, is calculated and compared to the experimental mass spectrum. Based on this comparison a score is calculated, and the peptides plus their scores are displayed. In the case of import of peptide mass data, the masses are superimposed the distribution.
VEMSmaldi imports mass data for singly charged peptides in text file format and searches against the virtual peptides generated by VEMSdata. VEMSmaldi can search with several mass lists simultaneously. The search results will be saved in separate files.
